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CHAPTER VII

IS THE PINEAL INVOLVED IN THE STIMULATORY INPFLUENCE CF PROLACTIN

ON TAIL REGENERATION IN LIZARDS? STUDIES WITH EXOGENQOUS

PROLACTIN IN LIZARDS EXPOSLED TO CONTINUQUS DARKNESS,

The reptilian pituitary gland contains a prolactin (PRL)-
like principle (Licht and Nicoll, 1969) and injections of ma-
mmalian PRL have time-~dependent effects on lipid metabolism
(Meier, 1969) and stimulate lean body growth in squamate rep-
tiles (Licht énd Jones, 1967; Licht and Hovyer, 1968; Meier,

1969),

PRL has been established as a growth promoter in de§e10~
ping organisms (Berman, et al., 1964; Crim, 1975) and in rege-
nerating systems of Amphibia (Niewelinski, 1958; Schauble,
~1972: Schauble and Nentwig, 1974; Maier and Singer, 1981) and

»”

7 . . . co s .
h%ye been shown to stimulate protein synthesis in developing
H

, {e
tadpoles (Yamaguchi and Yasumasu, 1977). Niewelinksi (1958) -

and Waterman (1965) showed that PRL enhanced regeneration in
the non-hyvpophysectomized newt, in fact, PRL was more effective
in this respect than growth hormone, Many other studies using
traditional technigues of endocrinology, e.¢., feeding or inje-
. . R .
cting exogenous hormonal preparations, extipation cf endocrine
. [ .
cells or glands, have been focused on the hormonal regulation
of the red-spotted newt's capacity to regenerate (for a review,

see Liversage et al.; 1985),

Il
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Mattheij and Swarts (1978) demonstrated . that plasma
concentration of PRL is highesf during the light period of
the circadian cycle in adult male rats., Furthermore, it has
been shown that serum levels of PRL are affected by the length
of the photoperiodlcycle in prepubertal bulls (Leinin§ et al.,
1979). We have reéently established that continuous light
stimulates tail regeneration while continuous darkness and
pinealectomy depress the same in the gekkonid lizard,
Hemidactylus flaviviridis (Ndukuba and Ramachandran, 7~~~

. Chapler Chapher3
IQES%Z; Ramachandran and Ndukuba, 1989@@, To date, there is

no report on the influence of exogenous PRL on talil regenera-
tion in lacertilians, Hence, the present investigation atte~

mpts to elucidate the role of PRL on tail regéneration in

H, flaviviridis exposed to continucus darkness, The data
obtainéd, in terms of length of tail regénerated and total per-
centage replacement, has been compared with that obtained under
coﬁtinuous light (638 lux uniﬁs-LL (L)) in a previous study

Chapler]
(Ndukuba and Ramachandran, 1989%).

MATERIALS AND METHODS

A total of 60 lizards was used for. the investigation,
The animals were divided intd six groups and exposed to conti-

nuous darkness (DD : LD 0:24),

Group 1. Prolsctin treated normal lizards — NL (PRL):

The first group of 10 KL lizards was given once daily
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ip injection of 500 pg/kg ovine prolactin (oPRL}, 5 days
prior to tail autotomy and 50 days after autotomy, Food

and water were provided gd libitum,

Group 2, Prolactin treated pinealectomized lizards ~PX (PRL):

A second group of 10 lizards was pinealectomized (PX)
by surgical removal of the pineal organ- ~Pinealectomy was
performed by the method of Ramachandran and Ndukuba (1989q§i
PX animals received once daily ip injection of 500 ug/kg oPRL,
5 days prior to tail atitotomy and 50 days after autotomy.
Food and water were provided ad libitum., Microscopic examin-
ation as well as histological studies of PX animals showed
that the pineal was removed completely and no damage was done

to the brain,

Group_ 3. Saline treated normal lizards - NL (Sal) :

The third group of 10 NL lizérds, served as one controi,
and received daily ip injection of 0.6% saline, 5 days prior
to tail autotomy and 50 days after autotomy. Food and water

were provided ad libitumg

Group 4., Saline treated pinealectomized lizards -PX (sal):

A fourth group of 10 PX lizards served as another control
and received daily ip injection oﬂb.6% saline, 5 days prior to

tail autotomy and 50 days after autotomy. Food and water were
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provided ad libitum,

Group 5, Prolactin treated sham pinealectomized lizardis-—

SPX (PRL)

A fifth group of 10 lizards were sham pinealectomized
and received prolactin injections as in the case of groups

1 and 2 lizards,

Group 6. Saline treated sham pinealectomized lizards -SPX(Sal):

A sixth group of 10 sham pinealectomized (sPX) lizards

received 0,6% saline as in the case of groups 3 and 4 lizards,

Prevatration of prolactin (500 pg):

Prolactin, for the injections, was prepared fresh daily.
Ovine prolactin (oPRL) procured from Sigma Chemical Company,
St., Louis, U.S.A, was dissolved in a few drops of ethanol
before being diluted to the required concentration with 0,6%
saline., 0.1 ml of the diluted oPRL solution was injected ip
in each liéard every day, giving an approximaée daily dose of

5 pg/animal,

Experimental set up:

The cages housing the animals measured 18 in x 15 in.x
10 im with one side made of transparent glass and.ventilated
on three sides., Each cage housed a total of 10 lizards, composed

of 5 males and. 5 females, and the animals selected were of
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similar size in other to eliminate any possible error in the
final statistical analysis of the regeneration process due
to size and sex differences, Except for taking measurements
and giving injections, all the mimals were completely depri-
ved of light in a dark chamber, The source of the dim red
light, which does not affect the pineal indoleamine biosvn-

thesis, was a small red electric bulb,

Tail autotomy was performed by pinching off the tail
at the third segment from the vent. No cruelty was. involved

as Hemidactylus has preformed autotomy planes and readily

releases its tail if held slightly at any of those planes. At
the end of the experiment, NL lizards were released and PX
lizards were sacrificed under proper anaesthesia for histolo-
gical studies, The length of tail removed from the animals
varied from 50 to 60 mm depending on the length of each tail,
The experimental lizards received once daily ip injection

of 500 pgﬁkg OoPRL while their control counterparts received
0.6% saline for a period of 50 days after tail autotomy. Food
and water were provided ad libitum. This investigation was
conducted during the monsoon months of July and August, and the

average déily temperature at the level of the animals was 26°C.
Statistical Analysis:

The data are presented as mean + SD, The length of new

growth (regenerate) in mm was measured with a graduated meter

[#%
rule and recorded at fixed time intervalsﬁlo,20,30,4o and 50
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. days. after autotomy. The measurements were later used for
morphometric calculations., The data on the length of tail
regenerated and total percentage replacéméht were'subjecied
t§ an énalysis.of variance and further to Duncants multiple‘
range test kDuncan, 1955);, Values ‘which were different at

the P 4L, 0,01 were taken to be statistically significant,
e

RESULTS

Since the data obtained fo¥ sPX lizards (groups~5 and 6)
being identical to the corresponding NL lizards (groups 1 and -
2), the data of NL lizards only is represented in the figures
and is taken intb consideration in4£he text, 6bviously, sham
pinealectomy does not, in’any way, affect the process of

regeneration,

Growth rate, total length of tail régenerated and total

percentage replacements:

~~

The regenerationxblastema appeared in NL (PRL) lizards
exposed to LD 0 3 24 by day 5 and, in PX (ERL) animals Ey day \
10; In NL (sal) and PX (sal) groups of lizards the same -
appeéred by day 15 after autotomy (Table 1), The total length
of tail regenerated by the 50th day in NL (PRL) animals was
36,5 mm aﬁd in NL (sa}), 26,3 mm (Fig.i), which correspond to
replécements of 68.3% and 49.5%arespecfively (fig. 3). The
PX (PRL) and PX (sal) lizards also showed replacements of only

51.6% and 46,0%, respectively., (Pig.3). Saline—injecﬁed NL,
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Fig. 2 Per day growth rate in blocks of IO days in saline ond prolactin

treated normal and pinecalectomized lizards exposed to continuous
darkness. NL {(PRL)~-prolactin treated normal lizards, PX (PRL)-

prolactin treated pineaictomized lizards, PX (SAL)-sbline treated -
pinealctomized controls, (NL (SAL)-saline treated normal controls.
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Fig. 3 Percentage replacement in normal and pinealectomized
hemidactylus treated with prolactin. NL (PRL)-prolactin
treated normal lizards, PX (PRL)-proiactin treated pine-
clectomized lizards, PX(Sal)-saline treated pinealecto-
mized controls, NL (Sal)-saline treated normal controls,
% LL (L)-continuous light of low intensity -638 lux (taken
from Ndukuba and Ramachandran, 1983¢)
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lizards exposed to LL(L) for 50 days produced a total regene-

rate of 33,3 mm,which corresponded to a replacement of 62,5%
(tzken from figs, 1 and 3, Ndukuba aﬁd Raﬁachandran, 19%@2??1
The pattern of per day growth rate (Fig.2) indicates a

linear increase peaking at 30 days in all the groups of ani-
mals with a significantly greater rate throughout in NL(PRL)
lizards and similar attenuated rates in NL (sal), PX (sal)
and PX (PRL) lizards, Comparisons betwéen the four groups

of lizardsyin terms of length of tail regenérated and total
percentage replacement (Duncan's multiple range éesth revea—
led statistical difference between NL (PRL) lizards on the one

hand and PX (PRL), PX (sal) and NL-(sal) on the other with no

difference among the latter three groups of animals,

DISCUSSION

Exogenous PRL stimulated.tail regeneration in the gekkonid

lizard, Hemidactyvlus fleviviridis exposed to LD 0 : 24, The

initiation of regeneration, the daily growth rate,the total
length of new growth (regenerate) produced at the end of rege-
neration and the total percentage replacement of the lost
(autotomized) tails were all significantly enhanced in PRL-
treated NL animals as compared to their counterparts injected
with saline or, PX animals treated with either saline or PRL.
This.was, in fact, better than NL lizards exposed to continuous
light (LD 24: 0) of 638 lux intensity (Ndukuba and Ramachandran,

cormunicated ).
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Although no studies have been addressed to the possible
role of PRL in réptilian devélopment)it has been conclusively
demonstrated‘that the hormone is a growth promoter in regenee
rating systems of Amphibia (Niewelingki, 1958; Schauble,
11972; Schauble and Nentwig, 1974; Maier and Singer, 1981),

It is well established that both PRL and photoperiod have

effects on the rate of regeneration., PRL speeds up limb rege-

neration in the newt, Notophthalmus viridescens (Niewelinski,

1958, Tassava and Kuenzli, 1979; Maier and Singer, 1981), It

]

“has been shown that limb regeneration can proceed in hypophys-
ectomized newts if they mre kept oﬁ a prolactin ;’thyroxine
regime (Connelly et al., 1969). Schauble and Tyler (1972) had
concludéd that PRL can both enhance regeneration and eliminate
seasonal variations in the rate of regeneration., Turner and
Tipton (1972) demogstrated that a long length photoperiod speeds
up the rate of kail regeneration in the lizard, Anplis

carolinensis, while a short length photoperiocd slows down the
L4 oy P>

rate, Maier and Singer (1977) obtained similar results in the

newt, Notophthalmus viridescens: forelimb regeneration using

-either continuous light of total darkness, Recent results
from our laboratory have demonstrated that continuous light
stimﬁla@es tail regeneration in Hemidactvlus, while continue-
ous darkness depresses the same (Ndukuba and Ramachandran,
19893@.Jh§irther, it-was shown that the lateral evyes, or

retinae, do not participate in photoperiodically significant

photoreception in H. flaviviridis as blinded lizards regene-




154
rated their lost (autotomized) tail@:like their counterf’
parts exposed to similar experimeﬁtal photoperiodiq condi-
tions (Ndukuba and Ramachandran, 1?8%8.2.Mbreover, it has
been demonstrated that the pineal organ is the principal
site of extraretinal éﬁotorecep%ion in Hemidactylus since
both pinealectomy as well as light deprivation to the pineal
abolished the stimulatory influence of continuous illumina-
tion and significantly retarded the regeneration process
(Ramachandran and Ndukuba, {éggZE: These findings, coupled
‘with the present observations of improved regenerative perfd-
rmance in NL (PRL) lizards maintained in LD 0 : 24 regime,i

suggest a possible synergistic effect between photoperiod and

PRL on the rate of tail regeneration in lizards, -

How the synergism between PRL and photopériod is mediated
can only be speculated upon., One attractive possibility is
that the PRL: - photoperiod effect is mediated via the pineal,
The pineal does mediate the levels of serotonin and melatonin
in tﬁe diurnal cycle, In the dark part of the normal photo=-
period cycle, melatonin levels are highest while in the light
part of the cycle serotonin levels are highésg (Brownstein,
1975), Based on a study on melatonin release by isolated
pineal maintained in an organ culture, Menakér and Wisner
(1983) opined thatifhe pineal organ of A, carolinensis contains

one or more temperature-compensated oscillators coupled with

photoreceptors on the input side and to melatonin synthetic
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pathways on thé outpqt_side. They also suggested that some

of the photoreceptors may be coupled with circadian oscil;a-
tors that regulate the synthesis of melatonin, since the
rhythm in isolated Anolis pineals could be entrained by LD
cycles, Mélatonin levels are lowest during the day and can
be suppressed by extended exposure to light (Brownstein,
1975),  Litwiller (1940) demonstrated thét the mitotic rate
cycle when both serotonin and PRLvaeis are high. Our
recent observations have shown the positive influence of long
length photoperiods to be more effective dufiﬁg'initial
periods corresponding to blastema and early differentiation
phases of tail regeneration in Hemidactylus (Ndukuba and
Ramachandran, 1989%_%V¢It may be that the increased mitotic
rate during the daylight hours and its subsequeﬁt decline
during the dark phase bears a causal relation to the serotonin-
melatonin cycle, Alternatelyf increased or decreased lengths
of light may affect'the productiop;of PRL which is a known
growth promoter (Crim, 19753 Maier and Singer, 1981)., Bourne
and Tucker (1975) had, in fact, demonstrated the positive inf-
luence of increasing lengths of‘light on the level of serum
PRL., Serotonin could, in this respect, mediate the light
effect since it is enhanced‘by lighé (érownstein, 1975), More-
over, serotonin and its precursors have been shown to elevate
serum PRL levels (Lu and Meites, 1973: Clemens et al.,1977)

and, therefore, serotonin could operate as a mitotic stimula-

7
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tor by way of its ability to induce PRL release, The converse
was tlBhe case in animals exposed to continuoué darkness which

showed depressed regenerative performance,

The report_pfesenﬁéd here corroborates Wilder's Law of
Initial Values, which states that dépressed organisms have a
gfeater tendency to react to stimulation (cf, Maier and Singer,.
1981). When NL lizards kept in conﬁinuous darkness received
exogenous PRL, they expressed better regenerétive performance
than their counterparts injected with saline, in fact, better
performancé than NL animals exposed to light of low inteﬁsity.
Apparently, such animals have a greater capacity to respond
more to PRL because of their depressed state, Thls finding
suggests. that PRL may be the growth promoter that mediates the
observed stimulatory influence of increasing photoperlodlsm
in Hemidactylus during its tail regeneration (Ndukuba and Rama-
chandran, 19§g%§%bw%iawever, the'growth-promoting iﬁfluence of
PRL was not evident in PX lizards. This paradorical observa-
tion indicates a more intriguing interdependent interaction
among photoperiodism, pineal and preléctin. Apparently, the
presence of an intact pineal seems ﬁecessary for the expression
of the stimulatory influencenoi PRL on lizard tail regeneration,
But, the nature and mode of the mediépion by pineal of PRL effect
on rggeneration;;.matter of‘coﬁjecture.l It would seem, however,
that apart from ifs role in photoreception (Ramachandran and
Ndukuba, 19893) tbg pineal is also involved in some intricate
nenroendocrlne and/or functlonal modulation influencing the

stimulatory actlon of PRL on tail regeneratlon in lacertilians.,

N



